Iron-deficiency anaemia occurs commonly in pregnancy, and is of major diagnostic and therapeutic importance. Ideally, iron deficiency should be diagnosed before the development of severe anaemia, and to this end, a number of special tests of iron nutrition are available. The present study was undertaken to determine (1) Received for publication 7 September 1965. orally in approximately 100 ml. of water, and all urine passed over the ensuing six hours collected. Venous blood was drawn for estimation of haemoglobin, haematocrit, serum iron, unsaturated iron-binding capacity, and serum Lactobacillus casei folate activity, and blood films were prepared. Blood specimens for the haematological investigations were mixed with dried sequestrene, while those for folic acid assays were placed in sterile containers and allowed to clot. Blood for serum iron and unsaturated iron-binding capacity estimations was allowed to drip directly from the needle into an iron-free container. A specimen of bone marrow was aspirated from the sternum. After collecting these specimens, the rate of removal of an intravenously injected test dose of folic acid (15 pg./kg. body weight) from the blood was studied by the method described by Chanarin, Mac-
Iron-deficiency anaemia occurs commonly in pregnancy, and is of major diagnostic and therapeutic importance. Ideally, iron deficiency should be diagnosed before the development of severe anaemia, and to this end, a number of special tests of iron nutrition are available. The present study was undertaken to determine (1) Received for publication 7 September 1965. orally in approximately 100 ml. of water, and all urine passed over the ensuing six hours collected. Venous blood was drawn for estimation of haemoglobin, haematocrit, serum iron, unsaturated iron-binding capacity, and serum Lactobacillus casei folate activity, and blood films were prepared. Blood specimens for the haematological investigations were mixed with dried sequestrene, while those for folic acid assays were placed in sterile containers and allowed to clot. Blood for serum iron and unsaturated iron-binding capacity estimations was allowed to drip directly from the needle into an iron-free container. A specimen of bone marrow was aspirated from the sternum. After collecting these specimens, the rate of removal of an intravenously injected test dose of folic acid (15 pg./kg. body weight) from the blood was studied by the method described by Chanarin, MacGibbon, O'Sullivan, and Mollin (1959) . Blood for folic acid assay was drawn from another vein exactly 15 minutes after the injection. Patients were instructed to return after one week. SECOND vIsrr By the time patients returned one week later, the blood and bone marrow samples had been examined. Seventeen patients were either not anaemic or showed mild anaemia only, without morphological evidence of iron or folate deficiency, and these subjects received no treatment during pregnancy. The other 46 patients showed morphological evidence of iron deficiency in the peripheral blood, together with diminished or absent marrow iron stores, and these patients received iron therapy. Of these 46 patients with iron deficiency, 17 showed megaloblasts and/or giant myeloid cells in the marrow, and they received folic acid as well as iron therapy during pregnancy.
SUBSEQUENT VISITS On each subsequent visit, blood was drawn for haemoglobin and haematocrit estimation. Delivery took place in hospital, and patients were restudied two to four days after delivery, when all investiga-173 tions, including blood count, bone marrow, serum L. casei folate activity, folic acid clearance test, and urinary formiminoglutamic acid (Figlu) test were repeated. The period of two to four days was allowed to elapse as some patients had taken tablets on the day before delivery.
METHODS
Haemoglobin was estimated as cyanmethaemoglobin using a commercially available standard. The haematocrit was measured in an International microhaematocrit centrifuge. Blood and marrow films were stained with Wright's stain. The marrow films were examined for megaloblasts and giant myeloid cells. Marrow films were also stained for haemosiderin, and iron stores graded from 0 to +6 (Rath and Finch, 1948) . At least 10 good-size marrow particles were examined from each aspirate. In normal subjects the iron stores are +2 to + 3.
Serum iron and unsaturated iron-binding capacity measurements were carried out by Dr. T. H. Bothwell by a modification of the method of Bothwell and Mallett (1955) . Serum folate activity was assayed with L. casei by the methods of Herbert (1961) and of Waters and Mollin (1961) , and the 15-minute folic acid level with Streptococcus faecalis according to Toepfer, Zook, Orr, and Richardson (1951 Figure I . In all patients with adequate iron stores (+2 or more), the serum iron value was greater than 75 ,ug. %, the percentage saturation of transferrin greater than 20, and the mean corpuscular haemoglobin concentration (M.C.H.C.) 31 % or greater. Values for unsaturated iron-binding capacity of greater than 300 ,g. % were noted in some patients despite adequate marrow iron stores. The serum iron, unsaturated iron-binding capacity, and percentage saturation were sometimes normal in patients without stainable iron in the bone marrow. On the other hand, the serum iron and percentage saturation were sometimes subnormal in patients with significant, although subnormal, amounts of stainable iron in the bone marrow. their validity as prediction parameters of the subsequent development of anaemia, the values for marrow iron, serum iron, unsaturated iron-binding capacity, percentage saturation of transferrin, and M.C.H.C. in early pregnancy were plotted against the haemoglobin value in the third trimester, in patients who received no iron therapy during pregnancy. The unsaturated iron-binding capacity, percentage saturation, and marrow iron all showed a significant correlation with the haemoglobin value in the third trimester, the percentage saturation showing the best fit (Fig. 2) . group.bmj.com on November 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from deficiency in pregnancy, the aim of this study was to evaluate diagnostic indices before the development of anaemia. As the major portion of the maternal iron requirements during pregnancy occur from approximately the middle of the second trimester until delivery (Bothwell and Finch, 1962) , it is not unreasonable to regard absence of stainable iron in the marrow in early pregnancy as an absolute index of body iron deficiency. Thus, in the present study, diminution of stainable marrow iron in early pregnancy has been taken as the criterion of body iron deficiency to which other tests have been compared. The results suggest that the lower limit of normal for serum iron of 70 ,ug. %, and for percentage saturation of 20, in non-pregnant subjects, is equally applicable in pregnancy. Elevation of the unsaturated iron-binding capacity in pregnancy was not necessarily indicative of iron deficiency, confirming the observations of Verloop, Meeuwissen, and Blokhuis (1958) .
EFFECT OF FOLATE DEFICIENCY ON TESTS OF
Although the beneficial effect of routine prophylatic use of iron supplementation during pregnancy is well substantiated (Benstead and Theobald 1952; Fisher and Biggs, 1955; Edgar and Rice, 1956) , in some populations, especially in the developing countries, this may not be practical due to cost and erratic attendance of patients at ante-natal clinics. In patients showing iron-deficiency anaemia in early pregnancy, energetic iron therapy is necessary. However, a proportion of patients without anaemia in early pregnancy will develop iron-deficiency anaemia by term, and it is in this group that iron supplementation is necessary. If it were possible to identify this group in early pregnancy, prophylactic measures could be directed towards these patients. The results of the present study suggest that this is possible. In non-anaemic patients in early pregnancy, the state of the iron stores is the most sensitive index of iron deficiency, and there is a significant correlation between iron stores and the subsequent development of anaemia. Routine bone marrow examination in early pregnancy is obviously not feasible. While normal saturation of transferrin in early pregnancy is a reasonable guarantee against the development of anaemia, it may be even more difficult to measure this in every patient, and probably just as expensive, as routine iron administration.
Iron deficiency in pregnancy may be accompanied by folate deficiency. The results of the present study do not suggest that concomitant folate deficiency in early pregnancy will render tests of iron deficiency less valid. It must be borne in mind, however, that severe folate deficiency is unusual in early pregnancy and the morphological changes noted in the present patients labelled as folate deficient were mild. Furthermore, virtually all patients with folate deficiency were iron deficient as well. Bainton and Finch (1964) found changes in serum iron, unsaturated ironbinding capacity, and percentage saturation consistent with the diagnosis of iron deficiency in patients with megaloblastic anaemia and no demonstrable iron in the marrow. Perhaps elevation of serum iron, percentage saturation of transferrin, and increase in marrow iron stores, as a result of folate deficiency, only occur with severe folate deficiency in the presence of adequate iron stores.
